is diagnosed when there is clear evidence of block in all three fascicles in different leads of the electrocardiogram (ECG) or on successive ECG tracing; for example, RBBB in one lead and LBBB in another.
INCIDENCE
The bundle branch block has been found to increase with age. In population aged over 35 years the incidence is estimated at ~one per cent and at 80 years of age it is higher at ~17%. [1] In addition, patients with bundle branch blocks often have other cardiac diseases like coronary artery disease or hypertensive heart disease which explains their higher mortality (2-14%) due to the underlying diseases. [1] Syncope is usually seen in patients with delayed conduction in left and right branch bundles although the risk of progression to high-degree AV block varies. The annual incidence of During the perioperative period, anesthesiologists usually face dilemma regarding the need for cardiac pacing (temporary or permanent) in patients with bifascicular block. Noninvasive modalities like transcutaneous and transesophageal cardiac pacing have strengthened the armamentarium of an anesthesiologist to handle unforeseen eventualities perioperatively in patients with intracardiac conduction abnormalities.
The term 'bifascicular block' refers to an electrocardiographic picture of complete right bundle branch block [RBBB] with anterior or posterior left hemi block or of complete left bundle branch block [LBBB] alone. The term 'trifascicular' block means impaired conduction in all three branches at the same time, or at different times, although it has also been used to describe bifascicular block together with first degree atrioventricular (AV) block.
progression to high-degree AV block in unselected patients is estimated to be one to four per cent, and syncope could be the sole predictive factor. In patients with syncope, the annual incidence of block progression to high-degree AV block is 5-11% where as in patients without syncope, the incidence is just 0.6-0.8%. [1] According to some authors, the incidence of progression from bifascicular to complete heart block can vary from two to five per cent per year. [3] In patients with bundle branch block, there is no single clinical or laboratory variable, including bifascicular block, which can identify patients at a higher risk of death from a future bradyarrhythmia. [4] To completely understand the principles and concepts involved in cardiac pacing, a brief review of the anatomy and physiology of the specialized conduction system may be beneficial [ Figure 1 ].
ANATOMY

Sinoatrial node
The sinoatrial (SA) node is located at the junction of the right atrium and superior vena cava is often found within the adventitia of the large SA nodal artery, a proximal branch of the right coronary artery (55%),or the left circumflex coronary artery. Histologically, the SA node consists of a dense framework of collagen that contains the principal pacemaker (P) cells; and Purkinjelike fiber tracts, extending through the perinodal area and into the atrium. Once the impulse exits the sinus node, it traverses the atrium to the AV node. [3] AV node The AV node is a small subendocardial structure within the interatrial septum and is located at the convergence of the specialized conduction tracts that course through the atria. The AV node has an abundant blood supply from AV nodal artery, a branch of the right coronary artery (in 90% of patients), or from the left circumflex artery (10%). Histologically, the AV node contains mainly P cells (although not nearly as many as in the SA node) and Purkinje cells in a loose collagenous network. [3] His bundle Purkinje fibers emerging from the distal AV node area converge to form the His bundle. His bundle traverses the membranous septum to the crest of the muscular septum where it divides into bundle branches. His bundle has ample blood supply originating from both AV nodal artery and septal branches of the left anterior descending artery. The rapid conduction of electrical impulses across the His-Purkinje system results in almost simultaneous activation of the right and left ventricles. [3] Bundle branches The bundle branch system is formed by a network of interlacing Purkinje fibers. It usually starts as one or more large fiber bands that split and fan out across the ventricles. These fiber bands finally terminate in a Purkinje network that interfaces with the myocardium. The bundle branches, in some cases, conform to a trifascicular or quadrifascicular system and in other cases the delineation into separate fascicles is not seen. The right bundle is usually a single, discrete structure that extends down the right side of the interventricular septum to the base of the anterior papillary muscle where it divides into three or more branches. The left bundle more commonly originates as a very broad band of interlacing fibers that spread out over the left ventricle, sometimes in two or three distinct fiber tracts. The bundle branch system has extensive blood supply from both the right and left coronary systems. [3] PHYSIOLOGY The SA node, under ordinary circumstances, is the major generator of cardiac impulses as it has the highest rate of spontaneous depolarization (automaticity). Its unique location astride the large SA nodal artery provides for continuous monitoring and instantaneous adjustment of heart rate to meet the body's changing metabolic needs. The major functions of the AV node include; to delay the passage of impulse under normal circumstances by approximately 0.04 seconds, serve as a subsidiary impulse generator; and in the event of atrial tachyarrhythmias act as a filter and limit ventricular rates. [3] The separation of His bundle into longitudinally distinct compartments by the collagenous framework allows for longitudinal dissociation of electrical impulses. Thus a localized lesion below the bifurcation of the His bundle may cause a specific conduction defect (e.g. left anterior fascicular block). Disease within any aspect of the His bundle branch system may cause conduction defects that can affect AV synchrony or prevent synchronous right and left ventricular activation. The accompanying hemodynamic consequences have considerable clinical relevance. These consequences have provided the impetus for some of the advances in pacemaker technology. [3] Under certain circumstances, electrophysiological studies help identify intracardiac conduction defects for which terms like A-H, H-V and H-Q intervals are used. A-H interval is the time from the initial rapid deflection of the atrial wave to the initial rapid deflection of the His bundle potential. It approximates conduction time through the A-V node and is normally 50-120 msec. H-V interval is the time from the initial deflection of the His bundle potential and the onset of ventricular activity (normally 35-45 msec). A few authors use the term H-Q interval rather than H-V interval to diagnose intraventricular conduction disturbances. On surface ECG the H-wave occurs between P-wave and Q-wave, about 50 msec preceding the R-wave peak. The H-Q interval is measured from the onset of the H-wave to the onset of the surface ECG QRS complex. The normal range of H-Q interval is 35-55 msec. [5] DIAGNOSTIC CRITERIA The criteria to diagnose bifascicular block, bundle branch block, hemi block, and AV blocks are based on recommendations of the Criteria Committee of the New York Heart Association: [6] Bifascicular block: RBBB with left anterior or left posterior fascicular block.
RBBB: QRS duration greater than or equal to 0.12 s and the QRS complex in V 1 has rsR' configuration or is a solitary notched R wave.
LBBB: QRS duration of greater than or equal to 0.12 s and QRS complex is notched and splintered in leads 1 and V6 and has a QS or rS deflection in lead V1 Left anterior fascicular block: Frontal plane QRS axis minus 45 to minus 90°.
Left posterior fascicular block: Frontal plane QRS axis plus 90 to plus 120°.
First-degree A-V block: P-R interval greater than 0.21 s and one-to-one A-V conduction.
Second-degree A-V block: In the presence of sinus rhythm, some P waves are followed by QRS complexes. Others are not.
Second-degree A-V block, Mobitz Type I: PR intervals of conducted beats vary according to Wenckebach periodicity.
Second-degree A-V block, Mobitz type II: PR intervals of conducted beats are normal or prolonged but constant.
Third-degree A-V block: Atrioventricular dissociation and idioventricular rhythm.
Risk assessment in bundle branch block patients
In a retrospective, cohort-controlled study, Dorman and colleagues found no difference in mortality between patients with and without bundle-branch block while investigating the clinical significance of bundle-branch block [RBBB or LBBB] as a perioperative risk factor. Bundle branch block alone was not found to be an independent risk factor for cardiac complications following surgery.
More than half of the patients with bundle-branch block presenting for elective surgery had hypertension and 10.3% had a history of congestive heart failure; both conditions were more common in patients exhibiting LBBB. In addition, they found that RBBB was more common in men while LBBB was more common among women. Multivariate analysis of men with RBBB did not demonstrate an increased likelihood of a cardiovascular abnormality, whereas women with LBBB or RBBB were more likely to suffer cardiovascular diseases. The same authors suggested that patients with LBBB might not tolerate the stress of perioperative noncardiac complications such as severe sepsis probably secondary to poor myocardial reserve and may be at a higher risk for postoperative morbidity and mortality. [7] Maddali: Need for pacing in bifascicular block Data from the Framingham study indicate that appearance of bundle branch block is almost always clinically silent and often associated with the presence of cardiovascular abnormalities [hypertension (60%), coronary artery disease (10%), and congestive heart failure (4%)]. [8] In patients with newly acquired left or right bundle branch block, there is an increased likelihood of development of coronary artery disease and congestive heart failure with a three to four-fold higher mortality rate than in general population. [7, 8] Goldman et al. noted cardiac death in five per cent of patients with intraventricular conduction abnormalities. However, a multivariate analysis did not indicate bundle branch block to be an independent predictor of cardiac death. [9] Berg and Kotler observed a higher mortality rate (10%) in surgical patients with bundle-branch block [RBBB with left axis deviation or LBBB with first degree heart block]. [10] Many clinicians consider LBBB to be a marker of cardiovascular dysfunction. As a corollary of this assumption, patients with LBBB are often thought to be at increased risk for perioperative cardiac complications. [7] INDICATIONS FOR PACING Any patient with acute hemodynamic compromise caused by bradycardia and/or episodes of asystole should be considered for temporary cardiac pacing. This is generally undertaken in the setting of surgical or other intervention; either the patient has the potential for transient bradycardia as a result of their underlying pathology or the procedure to be undertaken is likely to produce transient or permanent bradycardia.
The primary concern in patients with bifascicular or trifascicular block is that they are at an increased risk of progression to complete heart block. Anesthetics, combinations of antiarrhythmic agents with anesthetics, regional anesthesia, disturbances of blood gases or electrolytes, endotracheal intubation, central venous or pulmonary catheterization, surgical manipulation, hypothermia, or myocardial ischemia or infarction can induce conduction defects and bradyarrhythmias in patients with pre-existing bundle branch block. In patients with LBBB or bifascicular block, an additional AV conduction disorder in the remaining unaffected conducting fascicles may be precipitated by anesthesia and surgery and thereby degenerate to complete heart block. [11] Gauss et al. studied 103 patients scheduled for surgery under general anesthesia or regional anesthesia; 56 had bifascicular block and 47 had trifascicular block. Significant bradycardia occurred in eight patients and all patients responded to pharmacotherapy. There was no incidence of a complete heart block. [11] Nonetheless, in their literature review, Gauss et al. found that during a one-year observation period perioperative progression of asymptomatic bifascicular block to complete heart block occurred in five patients. This suggested the potential importance of this complication. [11] An additional first-degree AV block (caused by dysfunction within the AV node) in patients with bifascicular block or LBBB might increase the risk of block progression. Hence a first-degree AV block in the surface ECG could indicate an increased risk for this disorder. Apprehending this, although there is little evidence to support the need for this approach, some authors recommended use of a temporary perioperative pacemaker for all patients with bifascicular block or LBBB with an additional first-degree AV block [12] [13] [14] during anesthetic procedures.
Mikell et al. studied 76 surgical patients with bifascicular block and prolonged PR interval among whom four were cases of serious bradycardia but no complete heart block. [15] Atropine and isoprenaline were used to treat the bradycardia without recourse to pacing. Prophylactic insertion of temporary pacing wires in these patients was also not recommended by Atlee and Roizen. [16, 17] Gauss et al. found that the presence of PR prolongation in patients with bifascicular block did not make a difference in terms of block progression or the occurrence of severe bradyarrhythmias and therefore they did not recommend routine prophylactic insertion of a temporary pacemaker. [18] They recommended pharmacotherapy as the first line of management in such patients with the caveat that temporary pacemaker equipment should be readily available in case pharmacotherapy fails. [18] However, in patients with bifascicular block and type II second degree AV block, the risk of development of high-grade AV block is higher and the insertion of a temporary pacemaker was recommended. [3] The significance of left axis deviation in patients with bifascicular block is unclear. A first-degree heart block in patients with RBBB and left axis deviation suggests abnormality of the H-V interval. LBBB and P-R interval prolongation in patients is frequently associated with prolonged H-Q interval. [18] Pastore et al. analyzed 44 patients with right bundle branch block and left axis deviation undergoing surgery and found one case of transient complete heart block that occurred at tracheal intubation due to parasympathetic discharge. [19] However, Rooney et al. found no case of complete heart block [20] during 44 anesthetics in patients with right bundle-branch block and marked left axis deviation. Prophylactic temporary pacing was not recommended in this sub sect of patients.
It is essential to take a detailed medical history to exclude symptomatic bundle branch block. There is a higher risk of development of high-grade AV block in patients with bifascicular or trifascicular block with associated symptoms of syncope/presyncope. Prophylactic permanent pacing is indicated if the cause of syncope in the presence of bifascicular or trifascicular block cannot be determined with certainty or if treatment used (such as drugs) may exacerbate AV block as syncope may have been due to transient third degree AV block. [2, 4] Electrophysiological studies help in determining the need for permanent pacing in patients. Task Force of the American College of Cardiology/American Heart Association (ACC/AHA) identified PR and HV intervals as possible predictors of complete heart block and sudden death. [21] In asymptomatic patients with bifascicular or trifascicular block, electrophysiological studies have shown that permanent pacing is considered appropriate for those who exhibit intermittent second-or thirddegree AV block, or signs of a severe conduction disturbance below the level of the AV node (HV greater than100 ms, or intra-or infra-Hisian block during rapid atrial pacing). Occurrence of infra Hissian block after atrial pacing is considered an indication for pacing by a few authors. [4] However, apart from preventing future symptoms, pacemaker treatment may have no beneficial effect on survival. [1] In patients who have a markedly prolonged HV interval (greater than 100 ms) and syncope not attributable to other causes, permanent pacing is warranted. In patients with LV systolic dysfunction, advanced heart failure and bundle branch block, especially LBBB, and a QRS interval greater than 120-130 ms, defibrillators with biventricular pacing have been shown to improve symptoms from heart failure and reduce mortality. [3] Patients with alternating bundle branch block have a high mortality rate and a significant incidence of sudden death if pacing therapy is not provided. [2] The appearance of new bifascicular block in the immediate postoperative period should raise suspicion of an intraoperative MI and lead to insertion of a temporary pacemaker. The general availability of transcutaneous pacing has made it an acceptable alternative to temporary transvenous pacing in lower risk individuals, although poor patient tolerance is often a limitation. [3] RECOMMENDATIONS FOR TEMPORARY CARDIAC PACING Indications for temporary pacing can be considered in two broad categories: emergency (usually associated with acute myocardial infarction) or elective.
As a general rule, patients who may require permanent pacing should have interim temporary transvenous pacing wires placed to cover anesthetic requirements, if they have suffered syncope at rest, are hemodynamically compromised by the bradycardia or have ventricular tachyarrhythmias in response to bradycardia.
The American College of Cardiology/American Heart Association (ACC/AHA) guidelines for the management of acute myocardial infarction provide indications graded according to weight of evidence for benefit of pacing [ Table 1 ]. [22] [20] Class I Conditions for which there is evidence and/or general agreement that a given procedure or treatment is beneficial, useful and effective
Class II
Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a procedure or treatment
Class IIa
Weight of evidence/opinion is in favor of usefulness/efficacy First degree AV block with bifascicular block and first degree AV block and LBBB were recommended as elective indications for temporary pacing although there is little evidence to support the need for this approach. In the setting of an acute MI, several different types of conduction disturbance may become manifest. They include abnormalities of sinus impulse formation or conduction, disorders of AV conduction, and disorders of intraventricular conduction. The ways of identifying the patient populations at greatest risk for the development of a significant bradyarrhythmia during acute MI, and in whom temporary pacing should be performed prophylactically, are discussed below.
Class IIb
Multiple studies have shown that patients with acute myocardial infarction and bundle branch block have a four to five-fold increased risk of progression to high-grade AV block (an increase from 4 to 18%). [3] The mortality of patients with bundle branch block and acute myocardial infarction is 30-40%, compared with 10-15% in patients without bundle branch block. [3] The risk of developing a high grade AV block in patients during acute myocardial infarction is shown in Table 3 . [3] Patients with a new bundle branch block and first-degree AV block or old bifascicular block and first-degree AV block are at intermediate risk of progression (19-29%) to high-grade AV block; they may undergo prophylactic pacing depending on the availability of facilities for emergency placement of a temporary pacemaker. As the greatest risk of progression to complete heart block occurs in the first five days following infarction, these decisions should be made promptly so that temporary pacing may be instituted.
The Multicenter Investigation of the Limitation of Infarct Size (MILIS) study has suggested a simpler method of risk stratification. A "risk score" for the development of complete heart block was devised. Patients with any of the following conduction disturbances were given one point each: first-degree AV block, type I seconddegree AV block, type II second-degree AV block, left anterior fascicular block, left posterior fascicular block, RBBB, and LBBB. The presence of no risk factors was associated with a 1.2% risk of third-degree AV block, one risk factor with a 7.8% risk, two risk factors with a 25% risk, and three risk factors with a 36.4% risk of complete heart block [ Table 3 ]. These findings were validated by testing the risk score in over 3000 patients from previously published studies. The risk score appears to be an alternative to risk stratification using combinations of conduction disorders. [3] The most recent AHA guidelines for temporary transvenous pacing in the setting of acute MI are as shown in Table 4 . [23] RECOMMENDATIONS FOR PERMANENT CARDIAC PACING In chronic bifascicular and trifascicular block In addition to ACC/AHA classification of weight of evidence for indications for pacing mentioned in Table 1 , the level of evidence was graded according to predefined scales as outlined in Table 5 . [1] The recommendations for permanent pacing in chronic bifascicular and trifascicular block as per ACC/AHA/ NASPE Practice Guidelines are shown in Table 6 . [3, 4] In the year 2007, the European Society of Cardiology published the European Heart Rhythm Association G u i d e l i n e s f o r c a r d i a c p a c i n g a n d c a r d i a c resynchronization therapy. Table 4 : Indications for temporary pacing in acute myocardial infarction [21] become more potent and exacerbate mild or latent conduction system disease. If long-term therapy with these agents is necessary for an underlying disorder and a substitute cannot be found, permanent pacing may be required. Recent studies have suggested that at least some patients with transient drug-related bradycardia may experience recurrent bradycardia requiring a pacemaker, even after the drug related to the bradycardia is stopped.
Anesthetic implications
Certain circumstances can influence the incidence and course of perioperative bradyarrhythmias during anesthesia. One should take cognizance of the fact that in patients with underlying conduction abnormalities, concomitant circumstances like acute myocardial infarction, pre-existing severe cardiovascular disease combined with LBBB, and pulmonary artery catheterization in patients with LBBB are prone to precipitate perioperative bradyarrhythmias. [24] It is important that vagal stimulation and combination of drugs likely to cause bradycardia should be avoided while administering anesthesia to these patients. Atropine, epinephrine, and isoprenaline should be prepared prior to induction of anesthesia in any case and temporary pacemaker equipment (pulse generator, pacing leads, connecting cables etc) must be readily available. The general availability of transcutaneous pacing has made it an acceptable alternative to temporary transvenous pacing in lower risk individuals, although poor patient tolerance is often a limitation. [3] 
COMPLICATIONS OF TEMPORARY PACING
Complications of transvenous pacing may relate to the venous access, mechanical effects of the lead within the heart, the electrical performance of the pacemaker lead, or infection or thromboembolism caused by the presence of a foreign body. Complications can be expected in around 14-20% of patients and the majority of these will be manifest as development of a pericardial rub, ventricular arrhythmias produced during electrode positioning, or infection. [25] Failure to capture with transcutaneous pacing may be related to electrode placement or to a barrelshaped chest. [26] If pharmacotherapy is ineffective and transcutaneous pacing fails transesophageal pacing may be tried. Transesophageal pacing is a minimally invasive technique and may be useful in the perianesthetic care of patients with asymptomatic but potentially complete AV block. Transesophageal pacing is usually recommended only for atrial pacing, although previous reports have demonstrated that it may be applied for ventricular pacing. [26] In conclusion, administration of a temporary pacemaker is not mandatory in patients with asymptomatic bifascicular block, even if first degree AV block is present. There is no difference in the occurrence of block progression or of severe bradyarrhythmias between patients with and without an additional PR prolongation. However, temporary pacemaker equipment should be readily available in case antiarrhythmic therapy fails. [18] Transcutaneous pacing offers a "bridge" to transvenous approach and may be useful in the perianesthetic care of patients who are asymptomatic but develop a potentially complete heart block or when staff with transvenous pacing experience is not immediately available.
